Background Unsafe use and overuse of injection play an important role in transmission of very serious blood-borne infections. No studies have been conducted to investigate the levels and determinants of injection utilization in rural Western China. Conclusions Injection prescribing proportion in rural Western China was higher than that in India and lower than that in Cambodia. Injection prescribing was associated with the education of village doctor, patient age and diagnoses of diseases. The findings have important policy implications for recommendations on injection utilization in China.
Introduction
Unsafe injections play a very important role in the transmission of blood-borne infections and have been responsible for major public health disasters. 1 -4 In 2000, the use of contaminated injections was estimated to result in 21 million HBV infections, 2 million HCV infections and 260 000 HIV infections. 5 Reducing clinically inappropriate injections will significantly contribute to a reduction in blood-borne disease transmission, 6 especially in Chinese rural areas where there was a high prevalence of unsafe or unnecessary medical injections, reuse of needles and syringes, and needle-stick injuries, and safe disposal and destruction of syringes and needles were not available. 7 Many studies have shown that some of the reasons for inappropriate utilization of injections include demographic and socioeconomic factors, which influence injection utilization, albeit these influencing factors change among different studies. 8 -10 Strategies for appropriate use of injections should be worked out and implemented according to local situations.
No studies have been conducted to investigate the levels and determinants of injection utilization in rural areas of Western China, where the economy is underdeveloped and the health services are poor. The aim of this study was to examine the prevalence of injection utilization and to investigate the socioeconomic, demographic and medical background characteristics of doctors, and age, sex, diagnosis of patients that may influence a doctor's decision to prescribe injections in village health clinics across 10 provinces of rural Western China.
Materials and methods
A literature search was carried out from January 1980 until September 2010 in PubMed and China National Knowledge Infrastructure with inappropriate clinical injection practice associated with infectious diseases. Articles published in this period were thoroughly reviewed.
Study population and design
The studied area covered 40 counties across 10 provinces of Western China. In these 40 counties, there were 748 townships and 10 170 villages. The data collection sites were selected using a three-stage probability proportion to size sampling method. Five townships from each county and then four villages from each township were randomly selected. As an example, we showed how five townships were selected from Fengjie county in Chongqing municipality (see Table 1 ). Firstly, all the townships in Fengjie county were ordered from smallest to largest according to the population size. Secondly, the accumulated population size was calculated. Thirdly, the sampling interval was calculated by dividing the total population of the county by five. In Table 1 the total population size is 202 000, and the sample interval is 202 000/5 ¼ 40 400. In the fourth step, a random number was determined by reading a serial number from a banknote of Renminbi (Chinese currency). The random number consisted of the last digits of this serial number but had the same length as that of the sampling interval. For example, if the serial number from Renminbi banknote is 98272809, and the random number is then 72 809, since the sampling interval had five digits. Then, the first selection number was determined by taking the absolute value of difference between the random number and the sampling interval. Then, the first selection number was 32 409. Finally, we looked up the township with the accumulated population size, which contained the first selection number. That was the first township from this county to be included in this study. The second selection number was the first selection number plus the sampling interval, and thus the second township was selected. In the same way, the third, fourth and the fifth townships were selected. Similarly, four villages were selected from each of selected townships. The sampling interval for village selection was calculated by dividing the total population size of a township by four. Information on each village doctor such as age, gender, education, working experience, workload, receiving a subsidy from government, having a license to practise and income from medical practice was collected in a questionnaire. Signed informed consent was obtained from the village doctors after this study was fully explained to them. The protocol was reviewed and approved by the Human Research Ethics Committee of the Xi'an Jiaotong University College of Medicine. The detailed description of the study design has been previously reported.
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Statistical analysis
The unit of analysis was prescription. The outcome variable is the occurrence of prescribing injection by a village doctor. The proportion of prescriptions with injection was used as a summary measurement of injection utilization in the study. Logistic regression models were used to identify the independent predictors of injection prescribing. Taking into account a possible correlation among prescriptions in the same village health clinic, the generalized estimating equation (GEE) logistic regression model was used. In addition, effect coding 
Results
Data collection
Of 800 villages 680 were selected in this study, of which 120 villages were excluded for the following reasons: 38 villages were without village clinics, 55 villages were without doctors, 11 villages were without prescriptions, 15 villages where the village doctors were not found, and a township which had only 3 villages. A total of 20 125 prescriptions and 680 questionnaires were collected.
The proportion of prescriptions with injection
Prescriptions which included injection (intramuscular injection, 18.48%; intravenous injection, 4.15%; intramuscular and intravenous injection, 0.3%) accounted for 22.93% of all 20 125 prescriptions ( Table 2) . In most provinces, except Xinjiang, intramuscular injection prescriptions were more common than intravenous injection prescriptions. A small proportion of the prescriptions contained both intramuscular injections and intravenous injections. The proportion of injection prescribing was greater in children under 3 years compared with the other age groups (Fig. 1) .
Predictors of injections prescribed
The results from GEE analysis of injection are presented in Table 3 . The odds of injection prescription were strikingly different among these 10 provinces. Xinjiang, Guangxi, Guizhou and Qinghai had higher odds of injection compared with the other provinces. 
Discussion Main finding of this study
With the aim of assessing the level of injection prescribing and identifying its correlates in terms of doctor and patient characteristics in rural Western China, we performed this cross sectional survey on 680 village health clinics across 10 provinces in rural areas of Western China. The proportion of prescriptions with injection was assessed in this study and the measurements differed remarkably among these 10 provinces and were also associated with the village doctor and patient characteristics.
What is already known on this topic
The injection utilization proportion in this study was 22.9%. It was lower than the 47% injection proportion in Cambodia, 12 but higher than 18.8% in India. 13 In the present study, more than one-half of the prescriptions were for upper respiratory tract infectious diseases or diarrhoeal diseases. 11 Antibiotics were prescribed for more than half of these diseases. Injections were prescribed for 66.02% of pneumonia and 44.05% of fever (Table 4 ). In agreement with the findings from other studies, it is found that injections were more likely to be prescribed for children aged under 3 years. 11 Injections are considered to be suitable for small children as many oral drugs are difficult for them to swallow. Because many parents also believe that injections are more efficient than oral drugs, in Chinese rural areas, in order to show great concern for sick children, village doctors often prescribed injections so as to satisfy the parents.
14 -16 A similar situation was observed for outpatients aged 4-17 years who are often accompanied by their parents to see doctors although prescribing oral drugs in this age group is slightly easier. Over-prescription and unnecessary injections were less used for outpatients aged between 18 and 44 years most likely because people in this span of life were more vigorous than in other spans. In Chinese village health clinics, safe disposal and destruction of syringes and needles could not be strictly implemented, making the reuse of needles and syringes possible. 7 
What this study adds
This study is by far the largest study on injection utilization in Chinese rural areas, providing the most updated information and filling a gap on injection utilization in this geographical part of China. The rural three-quarters of the Chinese population is served by a three-tier system of health services and referral with village clinics and village doctors as the first tier, township health centres as the second tier and county-level hospitals as the third tier. As the first tier of the system, all village clinics had the same service functions. Village doctors diagnose and treat patients, prescribe medicines and refer patients to the higher levels of service as necessary. Data were collected across 151 548 km 2 in Western China. The authenticity of the findings was warranted by original paper prescriptions collected from village clinics.
An additional drug per prescription was associated with a 91% increase in the odds of prescribing injections. Although hardly any studies have investigated the causal relationship between injection and polypharmacy, the fact remains that complex drug regimens given by injecting often involve multiple drugs. Both polypharmacy and overuse of injections are part of irrational use of drugs and they are inseparable. It is therefore imperative that some interventional measures be taken to reduce these irrational drug utilizations. In the present study, village doctors with full-time medicine education were less likely to prescribe injection for their patients. Studies in Tanzania showed that after an intervention on safety injection, the proportion of outpatients receiving an injection dropped from 23 to 10%. 17 It seems that full-time medicine education or appropriate intervention on safety injection can reduce injections effectively. In the studied area of rural Western China, only 64.7% village doctors had full-time medicine education. For those 35.3% village doctors without full-time medicine education, appropriate education programmes on safety injections are urgently needed. 18 
Limitations of this study
The study also has a number of limitations. Firstly, the study is a clinical-based study, which did not include the injection prescribing among in-patients in hospitals, or injection utilization by 'house call' provided by doctors in villages, or immunizations. The true estimates of injection utilization may therefore have been underestimated. Secondly, this is a cross-sectional study. Therefore, conclusions on causal relationships between socioeconomic, demographic characteristics of doctors and patients, and injection antibiotic prescription may not be drawn and interpretations of these associations should be made with caution. Thirdly, as the prevalence of diseases varies with the seasons, injection prescribing and utilization may vary accordingly. As a result, the findings from data collected in May in this study may not be generalizable to other seasons. Fourthly, villages and townships were sampled using an equal sampling interval method by ordering them from smallest to largest according to the population size, assuming that the population size followed a uniform distribution. The degree of representativeness of the sample may be limited if the population sizes of villages and townships were clustered. Finally, the differences and associations found in this study may still be subject to unobserved confounding factors, such as fee-for-service as injection might represent a significant proportion of income of village doctors, which need further investigation. 
